Maize root tips were fixed in potassium permanganate, embedded in epoxy resin, sectioned to show silver interference color, and studied with the electron microscope. All the cells were seen to contain an endoplasmic reticulum and apparently independent Golgi structures.
The existence of a major cytoplasmic component consisting of a membrane-bounded, vesicular structure or structures has been clearly established in many types of animal cells by electron microscope studies (originally by Porter, Claude, and Fullam, 1954 ; key references have been summarized by Palade, 1956 ). Elements of this structure have been observed also under phase contrast optics (Fawcett and Ito, 1958) . The presence of a similar cytoplasmic component in plant cells has been suggested in studies by Wyckoff (1954) , Hodge et al. (1955) , Mercer et al. (1955) , Mtihlethaler (1955) ; Setterfield and Bayley (1958) , and others, but most electron microscope studies of plant cells have failed to reveal such a structure. Failure to demonstrate it generally has led to the suggestion, by Chayen and Jackson (1957) , that this vesicular system found in animal cells may be homologous to the major vacuole system of plant cells. The implication is that such a vesicular system as has been repeatedly demonstrated in many types of animal cells may not exist in the more commonly vacuolate plant cells.
This "endoplasmic reticulum" is remarkably pleiomorphic. Its appearance differs among cell types and with the status of cell development, as well as with the method of handling and preparation of the material. Much confusion exists over questions of the character, extent, and possible importance of the system. Sj/3strand (1956) has laid the emphasis on the membranous components of the system and applied a terminology classifying these among several types of cytomembranes. Palade (1956) has laid the emphasis on the vesicular nature of the system. He has made a case for continuing, for the time being, to describe the system as an "endoplasmic reticulum." This case is made in full recognition of the limitations of this term and its frequent inapplicability. There is also confusion as to whether certain vesicular components of the cytoplasm are part of this system. The term "ergastoplasm" has been applied to the system 502 ENDOPLASMIC RETICULUM by some investigators, and basophilic substances or structures not clearly constituting a reticulum have sometimes been considered as a part of it. The questions regarding the indusion of various vesicular components, including the Golgi complex, as elements of the endoplasmic reticulum are obviously related to questions concerning the origin of, functioning of, changes in, and breakdown of the reticulum.
The structures that are the subject of the first part of this paper would be variously dassified by investigators in the different schools of thought. With no more knowledge than we have at present concerning the character of these structures, their relation to other structures in the cell, the variations in their appearance among different types of ceils and by different methods of preparation, and regarding their functions, nothing is to be gained by argument over the terminology to be used. Accordingly, we shall adopt the term "endoplasmic reticulum" in the sense that Palade (1956) has summarized the use of this term, recognizing that the system could be described quite as aptly within SjiSstrand's classification of cytomembranes (Sj6s-trand, 1956 ). The system we shall deal with here is definitely vesicular in character, and it constitutes a reticulum. It is independent of the long recognized vacuole system of the cells.
It has been suggested (Palade, 1955 b) that an interrelationship exists between the membranous structures of the Golgi apparatus of animal cells and the endoplasmic reticulum. There have been numerous suggestions (Bowen, 1928; Scott, 1929 Scott, , 1955 Guillermond, 1941) that "osmiophilic platelets" in certain types of plant cells may be homologues of the Golgi apparatus of animal cells. However, "Golgi bodies" and "osmiophilic platelets" generally proved elusive in traditional plant cytology. In the cytoplasm of ceils of the maize root in which the endoplasmic reticulum has been studied, there are discrete components that are apparently comparable to the Golgi apparatus of animal cells as revealed by electron microscopy (Dalton and Felix, 1957) .
In an electron microscope study of the growing and differentiating portion of the maize root, an endoplasmic reticulum and Golgi structures both have been found in the cytoplasm of all cells.
Definite changes in the character of both structures are associated with growth and development. These changes will be dealt with in sub-AND GOLGI STRUCTURES sequent papers. In this paper consideration will be limited to certain features of the endoplasmic reticulum and the Golgi structures in the cells of the rootcap. Comparable systems exist in the cells of the root proper, but as this paper is written, more complete information concerning both is available for the cap ceils.
Materials and Methods
The tips of primary roots of 6-day-old seedlings of maize grown on filter paper in the dark at 24°C. were prepared for electron microscope study by fixation with a 5 per cent KMnO4 solution (Luft, 1956) for 2 minutes at 24°C. (The fixing and/or "staining" action of the permanganate solution on this material will be discussed in a later paper. The simple term "fixation" is used here for convenience.) The roots were dehydrated in ethanol and embedded in araldite epoxy resin (Glauert el al., 1956; Glauert and Glauert, 1958) . Sections showing silver interference color were cut on a Porter-Blum ultra-microtome with a diamond knife (Fernandez-Moran, 1956 ). The sections were examined with an RCA-EML-eleetron microscope.
OBSERVATIONS

Endoplasmic Reticulum :
The particular usefulness of permanganate treatment in membrane studies and especially in studies of the endoplasmic retlculum has been noted by and Lu[t (1956) . Elements of an endoplasmic reticulum have been observed in osmium-fixed cells of the maize root. In any study of the endoplasmic reticulum or Golgi structures, detailed observation of osmiamfixed material embedded in methacrylate is desirable because most tissues in which these structures are studied are so fixed and embedded. Unfortunately, osmium tetroxide is generally a much less satisfactory fixative for plant cells than for animal cells. In addition, our use of methacrylate, even with many modifications of procedure, did not result in successful embedding of these maize root tips. When cells of the rootcap are permanganate-fixed and araldite-embedded as in the present instance, an extensive endoplasmic reticulum is revealed (Fig. 1) . The basic structure is composed o[ two membranes, actually the apposed sides of a flattened vesicle, each about 40 A thick. The distance between the two membranes varies. The extent to which swelling or shrinkage changes this distance is not known. Either the system is branched or it is composed of anastomosing elements. Fre-quently the edges appear to be associated with vesicles ( Fig. 1 ). Whether such vesicles can be seen or not, the system usually appears to be somewhat expanded along the edges. Many portions of the reticulum have considerable depth and extend through a large mass of cytoplasm (Figs. 2 a to d). Such portions are comparable to the parts or forms of the reticulum designated by Palade (1956) , Palade and Porter (1954) , Fawcett and Ito (1958) , and others as cisternae. Other portions are more limited in extent.
The profiles of this reticulum appear to be smooth. Whether there are "Palade" particles on the outer surfaces of the reticulum membranes has not been determined in these permanganate preparations. The apparent absence of these RNA particles in permanganate-fixed materials also has been noted by Luft (1956) . In micrographs of roots treated with permanganate for short periods the contents of the vesicles are not distinguished from the ground substance of the cytoplasm.
The thickness of the individual membranes of the reticulum is the same as that of the two membranes of the nuclear envelope. The outer membrane of the nuclear envelope is frequently seen to be continuous with the membranes of the reticulum (Figs. 3 and 5) . The reticulum extends, sometimes apparently uninterruptedly, from the nucleus to the margin of the cell.
Several features of the organization of the reticulum at or near the margin of the cell are conspicuous. Frequently, close to the margin of the cell, portions of the reticulum, which may consist of several layers, are more or less parallel to the cell surface (Figs. 2, 3 , and 6). In these portions, the membranes are often nearly planar.
In some instances, profiles of the reticulum run to the cell margin. In most micrographs these appear to end as expanded edges just short of the plasma membrane, frequently, as already noted, after coursing along parallel to it. However, it is occasionally apparent that portions of the reticulum contact the plasma membrane or cell wall (Figs. 3, 5, and 8) . Cisternal elements of two adjacent cells frequently are associated with the same plasmodesma and occasionally, as in Fig. 4 , what appear to be portions of reticulum membranes are found in the intercellular bridges.
In many instances, as in Fig. 5 , the nuclear envelope is seen to be part of a system that extends, at least by contact, to the reticulum of another cell. The arrangement provides cell-tocell contacts involving the reticulum, of which the "tri-dimensional moat" surrounding the nucleus (Palade, 1956 ) is a part.
The discontinuities in the nuclear envelope reported by many investigators (see Watson, 1955) are clearly visible in nearly all the nuclei of this material. The inner membrane of the nuclear envelope is continuous with the outer membrane at the edges of the openings. Hence the inner nuclear membrane as well as the outer has continuity with the membrane of the reticulum.
In several cells an elaborate development of the reticulum has been found localized in one region of the cell (Fig. 6 ). In such instances, the system appears as a tortuous one of branched and/or anastomosing components, usually with suggestions of changes in plane. The elements of the reticulum may appear grouped around a central structure or mass (Fig. 6) . Such complex structures are not found consistently and they might possibly represent some type of functional center, or they could represent forms of the reticulum resulting from preparation procedures or "unfavorable conditions" as described by Fawcett and Ito (1958) .
Golgi Structures:
There is another system of membranous structures, apparently independent of the endoplasmic reticulum, which corresponds in several features to some of the descriptions of the Golgi apparatus in animal ceils (Figs. 2, 6 to 9 ). These structures appear to be comparable to double membrane structures reported by Hodge et el. (1956) in the shoot apices of Nitella, by Heitz (1958) in the cells of a number of cryptogams, and by Perner (1957) in cells of several higher plants including those of the maize root. The components of this system will be referred to here as Golgi structures with recognition that there may be questions about the applicability of the term. They are considered here primarily because of their character as membrane-bounded vesicles, their association with small vesicles in the cytoplasm, and the suggestions in the literature (see b) that such structures may be related to the endoplasmic reticulum.
This system, too, changes markedly with development of the cells. In each of the inner cells ENDOPI,ASMIC RETICULUM AND GOLGI STRUCTURES of the rootcap there are many structures composed of several elements that are either platelike or definitely vesicular. At least in certain stages of their development, the components of this system can aptly be termed cisternae. Inasmuch as they seem independent of the endoplasmic reticulum, to segments of which this term is frequently applied, they will here be referred to as Golgi-cisternae. The most common number of Golgi-cisternae is six, but there is considerable variation. The structure resembles somewhat the dictyosome of certain animal cells (Dalton and Felix, 1956) . Near their centers the cisternae often appear contiguous. Each Golgicisterna is apparently disc-shaped, or nearly so, but it may be bent so that in section the profile of it appears as an arc. Sometimes the margins of the disc come in contact and the structure appears in section as a full circle. Small, discrete vesicles (Figs. 7 and 8) often appear in close proximity to the edges of the Golgi-cisternae. The impression gained from studying these Golgilike structures in many cells is one of the evolution of the vesicles from the edges of the individua] cisternae (Figs. l and 7) as suggested by Buvat (1958) from his study of Elodea cells. Hodge et al. (1956) have postulated that the apparently comparable structures found in shoot apex cells of Nitella are formed by the coalescence of vesicles. These various possibilities will be considered in a later paper devoted to these structures. Sections are sometimes cut only through the vesicles around the edges. In some instances the entire diameter of a platelet-cisterna appears as a vesicular structure of "beaded" aspect (Fig. 8) .
With development of the rootcap cell, the Golgi-cisternae may come to resemble somewhat the small vacuoles of the cell except that some precipitated material is always apparent in the latter. The Golgi-cisternae apparently never fuse with the vacuoles, even though they may be appressed to the surface of the latter (Fig. 9) . With longer periods of permanganate treatment the Golgi-cisternae are seen to have contents quite different from those of the vacuoles.
DISCUSSION
When considered in terms of its appearance in individual sections and in serial sections, the system of membranous profiles revealed in these rootcap cells is seen to be made up of flattened, tortuously reticulate, vesicular elements extending from the margins of the cell to the nucleus, the envelope of which is a component of the system. This reticulum provides the cytoplasm with a tremendous amount of internal surface, as Palade (1956) has noted. The bounding membranes are distinct. In reference to the observation that the substance between the membranes appears the same as the ground substance of the cytoplasm, Palade (1955b) has emphasized that failure to demonstrate structural distinctions here does not mean that such do not exist, and that physiological and/or biochemical differences may not be apparent as morphological differences.
There could be true vesicles along the edges of the reticulum as a result of breakdown or other modifications of the system or the evolution of some material along the edges. Such vesicles might represent substances moving toward fusion with the edge of the reticulum. A similar appearance might result if the system had a "lace-like" character along its edges and the sections were cut through the "lacy" zone, or if along the edges, at least, the system were composed of tubular elements.
There is no basis for making a choice among these alternative explanations for the frequent, apparent association of discrete vesicles with the edges of the reticulum. The formation of discrete vesicles at the edges of the cisternae of the Golgilike structures seems probable, and there may be similar activity along the edges of the reticulum . Alternatively, formation of all components of such lamellar systems by the coalescence of vesicles with the edges must Ire considered (Hodge el al., 1956) . Except for the possibility of the association of "Palade" granules with the membranes of the reticulum, there is no morphological suggestion of activity over the surfaces of the system, but it seems unlikely that such a system could exist in living cytoplasm without surface activity being important.
The structure of the cellulose walls in this material has been well established. Passages through these walls, represented by the plasmodesmata, are likely to be, at least to some extent, fixed structures. The association of the reticulum with these passages makes it, in effect, part of an intercellular system. Although elements of the reticulum are found within the wall, the question of whether the rcticulum itself actually extends through the cell wall has not been answered. There are clearly contacts, if not continuities, between the reticulum of one cell and those of adjacent cells. In the younger cells of the rootcap, at least, some of the elements of the system are continuous from the nuclear envelope to the cell margin and, by contact at least, into adjacent cells.
The movement seen in living cells in darkfield microscopy makes it logical to suppose that the cytoplasm may flow over the surfaces of the reticulum and/or that membrane flow through the cytoplasm may take place. The activity of lipoprotein membranes of the character assumed for those of the endoplasmic reticulum has been considered by several investigators (see Fawcett and Ito, 1958) . Assuming such activity, the reticulum presumably has a great importance in the biochemical activities of the cell.
The significance of such a system for questions of transport within the cell has been emphasized by Palade (1956) , who noted particularly the extension of the endoplasmic reticulum from the cell membrane to the nucleus. The demonstration of intercellular contacts connecting the reticula of adjoining cells further extends the possible significance of the reticulum in transport. The demonstration of these connections seems to call for a re-evaluation of many of the suppositions concerning the movement of the substances within and between plant cells. In the younger portions of the rootcap (and, as will be shown in later papers, in the root proper), the possibility of "systemic" transport appears to exist.
The association of the endoplasmic reticulum with the nuclear envelope on one hand, and with intercellular contacts through the cell walls on the other, suggests that in this material the endoplasmic reticulum may not be as labile as has been assumed for some animal cells.
Without more evidence, discussion of the manner of formation of the reticulum in this material can be only speculation. It has been demonstrated in cells in different stages of development and it seems reasonable to expect that its ontogeny can be followed. It is possible that the reticulum originates with infolding of the plasma membrane. If so, it would be comparable to Sj6strand's (1956) 3-cytomembranes as described for tubule cells of the kidney. Minor infoldings of the plasma membrane are sometimes seen in the micrographs, and the contacts of the reticulum at the cell surface (Fig. 3 a) might further suggest this as a possible mode of formation, but study of many micrographs has failed to present any evidence for such an origin.
The structure could originate by the coalescing of vesicles or tubules in the cytoplasm, from the nuclear envelope, or by the activity of discrete centers in the cytoplasm. The choice among the possible alternatives must await further study.
Quite frequently the plasma membrane is seen to course around small "bays" of wall material or around particles which seem to be distinct from the wall material (Fig. 5) . Often the plasma membrane appears quite irregular. Again, disturbances during preparation may be responsible for some or all of this appearance. It seems possible, however, that some of the activities at the cell surface in this material may be detectable by a detailed study concentrated on the plasma membrane.
In a later paper the structures described here as Golgi structures will be considered in detail with particular reference to their appearance with modifications of the fixation procedures and their changes through the developmental history of the cells. As already noted, they are included in this discussion because of the suggested interrelationship of the vesicles of this system to those of the endoplasmic reticulum. The validity of describing them as Golgi structures depends not on any tested homology with the structures described by Golgi in the nerve cells of vertebrates, or on the application of "Golgi techniques" to their demonstration (see Baker, 1957) , but on certain morphological characteristics and a histochemical feature (see Felix, 1956, 1957) . They are constituted of membrane-bounded, flattened vesicles which may at certain stages assume the character of vacuoles (apparently not true ones), and the structures are capable of reducing osmic acid. They appear regularly in preparations that pass the usual tests for artifacts. The choice is between referring to them as Golgi structures or coining a new term in a field already confused by many terms, The former seems more desirable, particularly since these structures appear to be directly comparable to the structures in cryptogam cells deemed by Heitz (1958) to be identical with the Golgi apparatus and to the structures reported as Golgi apparatus in maize root cells by Perner (1957) .
In osmium-fixed preparations (Buvat, 1958) 506 ENDOPLASMIC RETICULUM these structures appear in the same positions in the cytoplasm and have the same plaquette character as that described here. However, in the maize root their definition is much clearer in permanganate-treated material. The form of the cisternae is such as to suggest that they well might constitute the "osmiophilic platelets" reported by several plant cytologists.
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FIo. 3. Portions of two cells showing the relationship of the nuclear envelope to the endoplasmic reticulum and to intercellular connections through the wall. At the arrow the nuclear envelope and the endoplasmic reticulum are continuous. X 12,000.
The inset (Fig. 3 a) is an enlargement of the area of the labelled intercellular connection to show portions of the endoplasmic reticulum parallel to the wall, and a contact with an intercellular connection. Approximately X 30,000. 
